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Learning Log 6 – FIT Ch 7 Our Flesh and Blood: Arms Races, the Human Race, and Natural Selection
Synopsis:
1. How would you explain what “coevolution” means? Why does Carroll compare it to an “arms race”? Explain the concepts in general and then offer an example from the animal kingdom. 

Coevolution is the process of which two individual species evolve at a similar rate together. Usually this process occurs on a predator and prey basis where as the prey evolves to be more able to escape the predator, the predator in turn evolves to be able to catch its prey, too. It’s an “arms race” of sorts because the prey has its “weapon” or selectively advantageous capability that allows it to evade its predator and pass down those genes, but then the predator evolves and uses a new “weapon” of its own which allows it to still be able to get a meal, that organism reproduces and passes down those genes. So in essence, only the strongest most equipped of the prey and predator species are surviving to pass on their genes; they’re quickly evolving and adapting to outwit one another similar to a nuclear arms race in a war as an analogy. 

A great example of this coevolution process can be seen with the Oregon rough-skinned newt and the garter snake. The newt produces a toxin called tetrodotoxin (TTX) through its skin making it an incredibly poisonous animal to any predator and even humans. On the contrary though, the garter snake is the only predator of the newt that can withstand such a poisonous prey due to various enzymes and proteins within the reptile that is resistant to the poison while digesting the newt. Over time, the newt has evolved to become gradually more and more poisonous to try to outdo the garter snake and be able to survive – since only the most toxic ones pass down their genes, the animal eventually possesses the amount of TTX it does today. Like the newt, the garter snake too, has evolved to be able to resist the poison more and more over time to create the garter snake that exists today which can handle the toxicity of this newt. This process of evolving in coordination within two species is what coevolution is.
2. Explain in detail the hypothesis for the evolution of skin color in humans. What is the evidence offered to support this hypothesis?

The hypothesis of the development of different skin colors was because these color differences were a product of evolution. The evolution in skin color had to do with the natural selection involved based off the environmental pressures in certain regions. Essentially, if the sun were more intense and the environment were more tropic, then the skin color of the people who would be most fit to be there (and happens to be the skin color of those in those regions) would be darker, whereas cooler regions with less intense sunlight would have people with lighter skin. The lightness or darkness of skin was determined by the amount of melanin produced in melanocytes of the skin, and ultraviolet irradiation exposure – therefore finding a correlation between skin color and UV radiation. Evidence for this hypothesis can be found in the MC1R gene which determines hair and eye color. In northern Europe, the people in that region have lighter skin and red hair (Scots and Irish) because the MC1R genes in that region have many more mutations and variants (10:3 ratio of nonsynon. : synon. changes) whereas in Africa, the people in that region only have 3 different variants of the MC1R gene which are all synonymous, making it so that there is no real variant in their darker skin. This can’t be chance to have made it happen this way, but rather natural selection at work to only keep those variants in those specific regions. 
3. The persistence of the sickle cell anemia mutation is considered a “classic textbook example of natural selection in humans.” Explain why this is so, including how a bad mutation is able to persist despite its ill effects.

Sickle cell anemia is an example of natural selection in humans through its corresponding relationship with malaria resistant characteristics. In malaria concentrated areas of Africa, humans there have a higher rate of sickle cell anemia, whereas in areas that don’t have malaria prevalent in those areas, the sickle cell anemia rate is significantly lower. In this case, in malaria-filled regions sickle cell anemia has a selectively advantageous rate because having that odd hemoglobin makes those people less susceptible to parasites and malaria. So natural selection in those regions favors sickle cell anemia – explaining cases in which a bad mutation is able to persist despite its effects.

4. How does coevolution apply to the relationship between humans and the malaria parasite? In addition, provide another example that shows how humans and a pathogen are coevolving.

Coevolution applies to humans and malaria in a similar sort of arms race where malaria evolves to get stronger and more severe, but humans develop mutations in their blood to prevent being susceptible to the disease. The sickle cell anemia mutations in blood was a perfect example of this arms race, as malaria evolves and becomes more prevalent in certain regions, those inhabitants evolve through mutations to make their blood less susceptible. Another example is with the P. virax parasite that has developed in West Africa and latches onto the Duffy protein in red blood cells. However, in Africans, there is a mutation that prevents the Duffy protein from even being expressed, therefore eliminating any chances for the parasite to gain access to their blood cells. 

5. Using evolution concepts, explain why combination treatments may provide a more successful method to fight pathogens.

With coevolution in pathogens and medical science, as new drugs are used, eventually pathogens will have a mutation to combat those drugs making those drugs now useless. It goes in a vicious cycle of stronger drugs, and thus stronger pathogens to evolve from it rather than eradicating the diseases. Combinations of drugs however are more successful because it would require pathogens to be resistant to two drugs rather than just one (a 1 in a trillion chance). If we can kill pathogens faster than they can evolve, then we may stand a chance at eradicating them. 
6. What is cancer? Use the ideas of mutation, selection, and time to further examine the effects and potential treatments of cancer. 

Cancer is a disease where cells rapidly divide and replicate at an uncontrolled speed which consequently creates tumors. This is due to mutations that compromise mechanisms of cell division and cell interaction. Some of these mutations allow cells to reproduce without being checked, to leave their location and travel throughout the body, and to reproduce in other body tissues. Different types of cancer have similar genes that are always mutated (fusion of genes like in the Philadelphia chromosome). Treatment basically consisted of nonspecific radiation which attacked cancer and regular cells (ineffective due to the side effects created). However, now due to knowledge of specific altered genes may allow for chemotherapy on those specific areas.
Take Away Idea:


I think the idea of using combinations of drugs to fight pathogens is a wonderful idea, and something to take away from this chapter. Diseases such as malaria, HIV, and cancer have been giving us on-going battles in the medical field and in terms of mere survival. If we actually stand a chance at combating such pathogens with combinations of drugs and eradicating them, I think we should invest more money into it since financial inhibitions seem to be the problem.
Most Challenging Concepts:


There wasn’t any specific challenging concept I found in understanding the material about this chapter except why we have not tried to use various combinations of drugs to fight pathogens if they’re proved to be successful. I understand that they are costly, but in a world where these diseases are top priority of needing to be eradicated due to the frequency these pathogens have in areas around the world, why haven’t people invested more time and money into distributing such drug combinations?
A Seminar Question:


Why do you think the drug combination solution has not been enacted on combating pathogens to the extent it should be? Though it is costly, why haven’t people invested money into it to benefit the world? What will it take for people to use the benefits of drug combinations to help those infected with fatal pathogens such as HIV, cancer, and malaria?
Competency:


Communication is a vital competency of this chapter – however on a much smaller scale than what we would consider communication to normally apply to. Rather than in oral language terms, communication as a competency applies to the language of DNA. By the language of DNA, I am referring to the “A, T, C, G” alphabet that apply to the genetic makeup, genes, codons, and mutations that are referred to in this chapter. Having a mutation is like a miscommunication during replication where instead of that one specific base pair having an A like its parent DNA has, it now has a T, or a C, or a G which may now cause that person to have cancerous cells, sickle cell anemia, or something else of the sort. Like on a large scale, miscommunication on a small scale can be just as, if not more harmful – especially when talking about DNA and evolution. 

Strategic problem solving is definitely evident within this chapter, especially in terms of figuring out how to fight pathogens like malaria, HIV, and cancer. Trying to figure out which drugs are more effective and successful in treating diseases and applying that knowledge to create even stronger and efficient treatments are a vital part of problem solving. Also, trying to figure out ways to use drug combinations in an effective and costly manner to eradicate diseases requires this same competency as well. Being able to use combinations of drugs that may not be as effective on their own is a strategy that can only be conjured by having a good sense of problem solving. As for me personally, I do believe I have improved my capabilities within this competency throughout NCC, though I would not say I have mastered it. Generally I am good at coming up with plans to tackle problems (specifically time management in my case) but as to whether or not they are effective depends on if I happen to be having a good or bad day.

Connection:


I see a connection in this chapter between the distributing of drugs for HIV and what I wrote for my Discovery project advocacy letter. My letter was asking to invest more effort and money into distributing antiretroviral drugs to inhabitants of South Africa infected with HIV, and the chapter mentioned a way to combat such diseases would be through multi-drug usage in combinations. Had I have learned that beforehand during my research, I probably would have proposed that as a possible solution in my letter, to perhaps use ARVs and other drugs. 
Vocabulary:

1. Melanocyte – a cell producing and containing melanin; an epidermal cell capable of synthesizing melanin under the control of the melanocyte-stimulating hormone
2. Pathogen – any disease-producing agent especially a virus, bacterium, microorganism, etc.
3. Chloroquine – a synthetic substance or drug used to control malaria attack (C18H26CIN3)
Key Concepts:

1. Coevolution 

This is the process of which two species (generally predator and prey) evolve in an arms race method. Examples of this occurring are with the newt and garter snake relationship, as well as the malaria and human relationship. As the prey gets stronger or faster and more able to evade its predator, the predator in turn evolves and gets fiercer and more capable of catching its prey.

2. Combinations of drugs to fight pathogens

With some pathogens such as malaria, HIV, and cancer, one drug doesn’t always work because the pathogens have mutated and evolved to be resistant to the drugs offered already. Using a combination of drugs to combat the pathogens would require a pathogen to have various mutations to resist various drugs at one time which is much less likely. Combining drugs would seem to be much more effective, however it is more costly.

3. Natural selection in favor of a seemingly bad mutation

A perfect example of this is sickle cell anemia. Sometimes natural selection favors a seemingly bad mutation because it may have a positive correlation with preventing other more severe diseases. Sickle cell infected people have a correlation of being less susceptible to malaria. This is important in areas that are highly prevalent with malaria, so in such a case natural selection requires sickle cell anemia to be present to fight the environmental pressures of malaria being frequent.
