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Abstract 
Polyploidy plays an important role in the evolution of life but is often overlooked in undergraduate classrooms. In this series of modules, we explore how polyploid species are formed, how they evolve and adapt, and their economic and conservation importance. Module 5 explores several case studies on the conservation of polyploid species and the economic impact of polyploidization on our daily lives. 

Objectives 
· Explore the real-world implications of polyploidization as they relate to conservation biology 
· Explore the economic impacts of polyploid organisms, especially as they relate to food growth and supply 


Logistics
	Department: Biology 
	Level: Upper undergraduate 
Prep time: 0 hours 
	Class time: 2 hours 

Pre-module preparation 
List of terms - come back to these terms if you need to while reading the text.
Subgenome—one complete genome that is part of a duplicated polyploid genome 







Introduction 
Throughout the last four modules, we have explored many aspects of polyploid biology, from how they are formed, to how they evolve, to how their cellular mechanisms work. In addition, we have seen that their complex genetic makeup can give them unusually high levels of adaptability and disease resistance, and we have touched on their economic and conservation importance, especially in the form of food production through triploid fruit. In Module 5, we will explore further how commercial industries are co-opting the traits of polyploids to increase production and how their use impacts, or is impacted by, conservation efforts. We will explore two case studies, one on the fisheries industry and one on tallgrass prairie plants in the biofuel industry. These case studies will highlight the important and diverse roles that polyploid species play in our society. In each case study, you will be asked to think about complex issues surrounding these species as a policymaker or conservation biologist.

Activities  
	
Case study 1: Commercial fish farming
In Module 1, we learned about the common practice of inducing triploidy in fruit to make them larger, more disease resistant, and sterile (seedless). This is often done using the chemical colchicine on the seeds to double the chromosomes and make them tetraploid (4n). These tetraploid seeds are grown into plants and crossed with the standard diploid variety to create triploid offspring (3n). Interestingly, the fruit industry is not the only one using triploidy to induce sterility and increase production. A very similar concept is also being explored in commercial fish farming. [image: ]
Fish are among the few vertebrates (along with frogs and some lizards) in which higher ploidy levels can be found naturally. Many commonly consumed fish, including sturgeon, salmon, and carp, have ploidy levels from 2n to 4n or even up to 8n, depending on the species. It is believed that polyploid fish can exhibit faster growth rates, increased disease resistance, and higher levels of adaptability. However, tetraploid and octoploid fish are reproductive, and commercial fisheries wanted to combine these desirable traits with sterility. Sterility would cause the fish to allocate resources to growth instead of egg production producing heavier fish. It would also contribute to conservation efforts by preventing escaped farm fish from interbreeding with native fish and introducing invasive species. These fisheries found that inducing triploidy in their stock could provide these benefits. 
Triploidy is not induced in fish in the same way that it is in plants. In some commercial species, an electric or thermal shock is applied to the eggs just after fertilization to induce triploidy. In other species, two natural populations or species of different ploidy levels are bred to create natural triploids. These methods have been used in commercially produced Rainbow Trout, Arctic Char, and Atlantic Salmon, to name a few. However, while the theoretical benefits of triploidy are high, the real-world application can be a bit messier. For example, a recent study in Norway by Madaro et al. (2021) found that triploid salmon in one of the major fisheries seem more susceptible to viral and bacterial infections than their natural parental species, leading to a pause in triploid fish production in the country. Additionally, studies have shown that escaped triploid males will attempt to spawn with females, despite being sterile, and that their larger body size gives them a competitive advantage over fertile males, reducing the spawning success in the natural population. [image: ]

Given what you now know about the use of triploidy in commercial fish farming, please answer the four (4) questions below. 


1. How is using triploidy in commercial fish farming beneficial to conservation efforts? Conversely, how can it hinder conservation efforts? 







2. How is using triploidy in commercial fish farming beneficial economically? 






3. Norway has recently shut down commercial farming of triploid fish. What were the reasons given, and how do they differ from theoretical expectations for triploid fish? 






4. Given the potential of triploid fish farming for economic gain and conservation efforts and the data from the studies above about caveats to this potential, what would your decisions on this practice be if you were a policy maker? Why? 





Case study 2: Switchfoot grass and biofuel production 

	All of our examples of commercial uses for polyploid organisms to this point have focused on the food industry. However, several polyploid plant species are also being explored as potential sources for biofuels. One is the North American tallgrass prairie species, switchfoot grass (Panicum virgatum). Switchfoot is polyploid (4n or 8n), and, when compared to the most commonly used species in biofuel production today, corn (2n), it is superior for a number of reasons. Switchfoot produces similar amounts of ethanol as corn, but the production cost is nearly half. This is because it has much lower herbicide and fertilizer requirements and is more adaptable to a wide range of climates. In addition, switchfoot can grow on land that is not suitable for other crops, including sandy or gravelly soils and has a high drought and flood tolerance. 
	Scientists are currently studying how switchfoot can be domesticated and bred for higher ethanol yield (Lovell et al., 2021). Part of this research includes how the species can adapt so well to such a wide variety of climates. This research has uncovered three large populations in the United States, one in the south, one in the southeast, and one in the north. Each of these populations showed signatures of rapid genetic and morphological adaptation to the climate in their region. Interestingly, analyses of each subgenome found that, while one subgenome did not show a high mutation rate, the other showed a number of mutations in genes that would affect its temperature and drought tolerance. Understanding the genetics behind switchfoot grass’ high adaptability can help facilitate breeding programs that will allow the use of this crop that simultaneously shows low production costs (i.e., economically viable) and low fertilizer and herbicide usage (i.e., environmentally viable).[image: ]
 However, it should be noted that the native home of this species, and other species with similar unknown potential, has been highly threatened and nearly eradicated by human activity. Switchfoot inhabits the North American tallgrass prairie, which was once one of the largest temperate biomes on earth. Now only about 4% of it remains, generally along highways or bluffs and in restoration areas, where farming is not possible or not allowed. This loss in habitat corresponds with a massive loss in genetic resources for conservation and selective economic breeding for biofuel production. 


[image: ]Give what you now know about the use of switchfoot grass in biofuel production. Please answer the four (4) questions below. 

1. What characteristics make switchfoot grass a more desirable source of biofuel than corn? 







2. What challenges are faced in using switchfoot grass instead of corn as a source of biofuel? 







3. Given what you read above about switchfoot grass as a biofuel source and also the conservation needs of tallgrass prairie habitat, if you were a policymaker, what would you do regarding the management of this species? 






4. What is the importance of conserving natural areas for human development? What is its importance to you as a person? 
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