
In the spring dormant seeds are exposed to red light and warmer temperatures, these 
environmental stimuli are the first steps towards germination. Red light is absorbed by 
photochrome, a growth regulating photoreceptor that mediates Gibberellin (GA) biosynthesis 
(Heschel, M.S. et al. 2008). If a seed is exposed to water and gibberellin germination begins, the seed 
coat weakens, and the seedling emerges. There are 5 different types of phytochromes, and past 
research has indicated that they may each play a slightly different role specifically regarding the 
temperature in which the seed is germinating (Heschel, M.S. et al. 2007). My research is focusing 
specifically on phyB, phyA and phyE as these phytochromes have been shown to be important in 
germination across a wide range of temperatures.

A range of temperatures as well as UV exposure as two factors associated with climate change. The 
ozone layer acts as a level of protection around earth by absorbing excess UV rays. However as more 
human produced chemicals are being released into the atmosphere it is contributing to climate 
change as well as preventing ozone from forming in the upper atmosphere. As less ozone can form 
due to the interference of man-made chemicals, more harmful rays will be able to reach earth (Allen, 
Jeannie 2004). The first organisms that will be affected by this lack of ozone will be those found in 
alpine environments. While some alpine plants have methods of protecting themselves from UV, it is 
uncertain whether these alpine plants will be able to tolerate excess UV.

One way that plants protect themselves from excess UV is by producing anthocyanin. Anthocyanin is 
a flavonoid that some plants produce to act as a kind of sunscreen when they are exposed to excess 
UV. This shows up as a purple pigment seen in the leaves and even stems of some plants that 
absorbs UV light that would otherwise had reached and potentially damaged chloroplasts in the 
plants leaves (Landi, M. et al. 2015).

Due to the depletion of the ozone layer more UV light will be reaching earth, specifically UVB light. 
UVB light has been shown to have a negative impact on long term plant health (Rahim, FP. et al. 
2015). As high alpine plants already experience more UV light then plants at lower elevation, we 
wanted to see how higher UV exposure would impact their germination rates. For this experiment 
we exposed seeds to 30 and 60 minutes of high UV light or no UV light. We mimicked a high alpine 
environment in the spring, using data from Woodland Park, CO to determine the temperature, day 
length and UV intensity in our experiment.
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What effect does UV light have on the rate of germination for Arabidopsis 
thaliana?

As indicated by the ANOVA test, line has a greater impact on germination rate then the amount 
of UV light did. This could be because Arabidopsis thaliana naturally grows in higher elevations 
and may already be equipped to deal with the higher UV levels in that environment. In the day 17 
germination means plot we see that the phyB line had high germination rates in all treatments 
possibly suggesting that phytochrome B may act as a repressor. The phyE line had the lowest 
germination rate of all and the phyA and wild-type lines were almost equal to one another in 
germination frequency; however, wild-type seeds in the one hour UV light treatment had slightly 
higher germination rates then the phyA line. 

The day 17 germination mean plot for purple color frequency showed that wild-type seeds had 
consistently more purple across all UV light treatments. PhyE and phyA lines had slightly lower 
purple color frequency but were relatively consistent except for a slight variation for the 30-
minute treatment. PhyB line had the highest purple color frequency overall. 

The day 17 germination t-tests compare one mutant versus another or one mutant versus wild-
type and indicate whether lines (mutant or WT) had significantly different effects on germination. 
The t-test we ran for germination frequency show that phyB has a significantly different effect on 
germination compared to wild-type, phyA and phyE and phyE has a significantly different effect 
on germination compared to wild-type, phyB and phyA. However, there was no significant 
difference in germination between phyA and wild-type but there was a difference between phyA 
and phyB and phyE as well as a difference between wild-type and phyB and phyE. 

The t-test we ran for purple color frequency shows that wild-type has a significantly different 
effect on purple color compared to phyB, phyA and phyE. PhyB has a significantly different effect 
on purple color compared to wild-type, phyA and phyE. PhyA has a significantly different effect on 
purple color compared to wild-type and phyB but not when compared to phyE and the same can 
be said for phyE.

The discrepancy in germination count between our experiment and past experiments using the 
same seed stock could be due to after-ripening. The effects of after-ripening on seeds are similar 
to what would happen to seeds in a seed bank. This is where seeds sit in the soil for an extended 
period of time after they have left the maternal plant and before germinating.

The lines used were:
Mutants -> A1, B1, E1
A: 14: PHYA, C56219, phyA-201
B: 24: PHYB, C569, phyB-1
E: 48: PHYE, phyE
Ler WT: 1: C520 – wild-type/non-mutated background genotype

We used a pipette filled with 1.5 microliters of distilled water to place each seed on the agar plate. 
10-11 seeds were placed on each plate and then plates were wrapped in parafilm. All plates were 
then placed in a plastic flat and covered with tinfoil to be placed in the cold chamber. The cold 
chamber was dark and at 4*C, seeds were placed in the chamber for 5 days to encourage 
germination by breaking dormancy. 
The agar plates were made using the following measurements:
100mm x 15mm plates (polystyrene) sterile
0.5% agar H2O -> 1g:1ml
500ml x .5%       1000ml
2.5g agar 5g agar

4 lines x 6 replicants x 3 UV lengths x 1 temp = 72 plates
- Unit of replication is 10 seeds per plate 
Line: 30 min UV 1hr UV No UV
B 6 plates6 plates6 plates
E 6 plates6 plates6 plates
A 6 plates6 plates6 plates
Ler WT 6 plates6 plates6 plates

On day 0, 3, 7, 10, 14 and 17 we took a census of how many seeds had germinated. On all those days 
except day 17 we also did a UV treatment. 

The growth chamber was set at the following parameters:
Temperature-> 10*C
Daylength-> 12hrs (7am-7pm)
011 2 lights-> 1 bank fluorescent/ 1 bank incandescent: 98 µmolm-2s-1 photons 

The UV chamber was set at the highest intensity 

We tested for the effects of after ripening on the seed stock by running the experiment again except 
only with phyA however the germination frequency was roughly the same both times. This led us to 
believe that the seed stock had some after ripening effects as there was not as much germination for 
all seeds as there has been for previous experiments. After ripening is the effect on seeds after they 
have been stored for a long period of time (analogous to a seed bank in the soil).

Conclusions & Implications

According to the ANOVA we ran on our data, line had more of an effect on both germination 
and purple color frequency than the amount of UV light. This suggests that these plants which 
naturally grow in a high elevation alpine environment have already developed a mechanism to 
protect themselves against excess UV rays, which in this case is producing more of the purple 
pigment anthocyanin in seedlings. However, Arabidopsis thaliana with a phyE or phyA mutation 
suffered slightly when exposed to excess UV. This indicates that Arabidopsis thaliana is 
equipped to handle excess UV light however certain mutants of the plant will be negatively 
affected. In particular, PHYA and PHYE genes might have a role in UV sensitivity.
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