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	I spent the spring 2016 semester at the Chicago Botanic Garden working on The Echinacea Project. The broad purpose of the lab is to study how habitat fragmentation affects remnant prairie populations through processes such as inbreeding depression and genetic drift. To study this, the lab conducts multiple projects each year. The project that I worked on this semester studies the genetic variation and heritability of the fitness of Echinacea angustifolia. There have been two experiments that have studied this (q2 and q3). For both experiments, the purpose has been the same: to analyze the genetic variation of Echinacea angustifolia and to see if this fitness is heritable. 
In the experiments, there were two groups. The first group used a paternal half-sib crossing design using maternal plants that were descendants from plants in the core of two sites. The second group used the same crossing design but used maternal plants that were descendants from plants at the periphery of the two sites. The paternal pollen was taken from the core. The study had three hypotheses: 1) that there is genetic variance in fitness in Echinacea angustifolia that can be heritable through generations, 2) that the heritable genetic variance in fitness is different depending on whether the parents are from core or periphery sites, and 3) that the fitness of the offspring is different, and this difference is due to the sires even after considering maternal effects. 
One concern about the experiments is the difference in the pollen protocol of the q2 and q3 experiments. In the q2 experiment, the pollen was used for many days and stored in a refrigerator between each use. Therefore, there was concern that the pollen was too old and that the repeated warming and cooling could have degraded the pollen, which would have resulted in unsuccessful crosses. In q3, the scientists kept track of the pollen and used older pollen before more recently collected pollen in order to not let the pollen age too much. They also did not expose the pollen to the warm and cold cycles with the refrigerator; they discarded the pollen each day so they only took it out of the refrigerator once. The purpose of my project was to compare the crossing and fertilization success of the q2 and q3 experiments to see if the pollen protocol had a significant difference in the proportion of successfully crossed flowers. 
	To measure this, I compared the proportion of full achenes out of the total achenes in each flower head.  To measure if an achene was full or empty, members of Team Echinacea x-rayed the achenes. In some instances, it was difficult to tell if an achene was empty or full. Therefore, there were two sets of data. The first set labeled minFullCt includes the number of achenes that were definitely full. The set labeled maxFullCt includes the number of achenes that were ambiguous. I calculated the proportion of achenes that were successfully crossed by dividing the proportion of minFullCt and maxFullCt by the total number of achenes. 
	I obtained all of the data from the q2 experiment from a previously completed file but the total achene count from q3 was missing. This is what I worked on throughout the semester. I first re-cleaned the heads from q3 because only the viable achenes had been extracted. I added the rest of the achenes in an envelope with the previously extracted achenes. I then scanned an image of the achenes onto the computer using a program called Vuescan. I also included the envelope with the sample number in the bottom in the scanned image. I renamed and saved each image to the computer. The next step was to count the achenes using a program on the computer called Image Tool. I recorded the achene counts on a piece of paper that had each flower head label.
	To obtain the total achene count for the q3 experiment, I also counted the number of achenes that were extracted and planted. The achenes had previously been extracted and scanned onto the computer. They were also randomly placed into three even groups in order to randomize the location where the achenes were planted. I counted and recorded the number of achenes in each of the three groups on a data sheet and then later input them into the q3 data sheet with the previously recorded data. 
	Once I had the total achene count for each of the three groups from the q3 flower heads, I input this data into the existing file with all of the q3 data. I analyzed the q2 and q3 data for both the minFullCt and the maxFullCt from the x-rayed achenes. I calculated the mean, standard deviation, and the standard error for both the q2 and q3 experiments. I ran two unpaired t-tests to calculate the t-value and p-value. The first t-test compared the minFullCt achene count of q2 and q3 to determine if there was a significant difference between the two experiments. The results are shown in Table 1. The second t-test compared the maxFullCt achene count of q2 and q3 to determine if there was a significant difference between the two experiments. These results are shown in Table 2. The mean proportion of successfully crossed embryos using the minFullCt data was 24.43% in q2 and 31.46% in q3. This difference was significant (p<0.05). The mean proportion of successfully crossed embryos using the maxFullCt data was 24.97% in q2 and 34.00% in q3. Again, this difference was significant (p<0.05). There was also a higher proportion of partially or ambiguous achenes in the q3 experiment compared to the q2 experiment. In q2, the maxFullCt was 31.46% compared to q3 at 34.00%. 
	The proportion of successfully crossed achenes with embryos in q2 and q3 was significantly higher in q3, when using both the minFullCt and the maxFullCt. This is important because it suggests that the modified pollen protocol that was used in q3 was more effective at fertilizing and producing successfully crossed achenes with embryos. This suggests that the pollen may have been too old and degraded from being warmed and cooled multiple times in the q2 protocol. The q3 experiment also produced a higher proportion of partially or ambiguous achenes compared to q2.  We are unsure why there was a higher proportion of ambiguous achenes; it could be related to the pollen protocol or it could possibly be due to the differences in judgment by the scientists that counted the achenes. This ultimately indicates that the pollen protocol in q3 was more effective and in future experiments, the pollen protocol from q3 should be used in order to maximize the production of successfully crossed achenes. 











Table 1: Data from the minFullCt achene count of both q2 and q3 experiments
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Table 2: Data from the maxFullCt achene count of both q2 and q3 experiments
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