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Synopsis:


In the Ugandan rain forest, there are various species - the colobus monkey and the chimpanzee. Colobus monkeys eat only the plants bearing reddish leaves with their unique four-fingered hands. Chimpanzees, however, devour yellow and red fruits from the Natal fig trees. Both species recognize their food because of color vision (they are trichromats; most mammals are dichromats). Aside this unique characteristic, the colobus monkey is also a ruminant. These monkeys can eat a special diet and digest large amounts of leaves due to a large multi-chambered stomach. 
Advantageous, new capabilities like these developed because accidental, chance duplication of genes provides spare genetic parts for the evolution of new functions. Color vision is useful, visual systems differ based off of species of different habitats, and the scientific understanding of color vision is vast as well – including the understanding of it on the gene level. To see the evolutionary process, one must see it directs from natural selection, sexual selection, and descent with modification. For this, we look to the DNA to give an idea of species relationships and also to see where natural selection in the genes of color vision had taken place. 
Molecules that detect light in our retinas and the cells in our eye that gather images determine what we see. Our eyes are sensitive to visible light (which is 400nm violet to 700nm red). Objects get their color from the light they absorb or reflect and their molecular composition. Sunlight has an invisible light called ultraviolet radiation which has a short wavelength. The heat from fire, a longer wavelength, is called infrared radiation. In order to see color, light hits the visual pigments in our eye’s retina. Within the retina is opsin – a protein – and a chromophore (depending on how they react determines the visual pigment’s sensitivity to it). Each visual pigment is tuned to a specific wavelength (or color). Humans have three pigments – SWS, MWS, and LWS opsins tuned to blue, green, and red. In our eyes we have photoreceptors – rods and cones – the former better for low light and night vision, and the latter which can discriminate wavelengths to give color vision. Light hits the chromophore, the pigment gets excited, and the photoreceptor cell fires a signal to be mixed with visual areas in the brain’s cortex. (Two must be triggered to perceive color). Opsins are encoded by separate genes. Like humans, chimpanzees and other apes also have the three same opsins. Other mammals have two, but fish and birds have four or more. The evolution of opsins is an example of gene duplication. The new and old genes evolve distinctly and separately. Knowledge of species’ relationships shows the direction of the evolution, such as with the development of varying opsin genes.
The degree of DNA similarity is an index of the relatedness of a species. The A, T, C, G sequences signal in data to see which species are most related. Scientists also rely on the landmarks and placements of LINES and SINES to indicate where genes are. Since they are rare, if two species have them in the same place, they are likely to be from a common ancestor. SINES can be determined through DNA typing to determine the similarities among species (i.e. humans, chimps, and bonobos). 

Full color vision arose in an ancestor of the Old World primates after the Old and New lineages separated – the third opsin gene arose after the split. As for mammals, their common ancestor was dichromatic with 2 cone opsins, but birds and reptiles have 4, and the jawless lamprey (a primitive vertebrate) had 5 opsins. This suggests color vision appeared before the jawed/jawless vertebrate lineage split, too. Color vision was prevalent, was lost for a bit, and then returned again. This can be explained by development of nocturnal eyesight in mammals. Humans have their 3 opsins, 2 of which (MWS/LWS) may have been a duplicated gene in a primate ancestor. Absorption maxima is between 530nm-560nm green-red where opsins are stimulated the greatest. (This is where MWS and LWS are). Selection is maintaining color vision in monkeys more so than in humans – indicating a high importance to primates.
In the depths of the sea, only dim light is available which is perceived by rod photoreceptors and rhodopsin. Rhodopsin of dolphins and deep-sea fish can see 10-20nm closer to the blue end of wavelength than humans can since blue light is all that’s available. Blue shift in rhodopsins equate to an evolutionary advantage to sea creatures living in deeper waters (an example is the deep-ocean vs. freshwater eels). As a result it is reasonable to suggest natural selection has tuned rhodopsin to different environments. When two species evolve the exact same amino acids in a protein in similar environments, there is evidence for natural selection for the same adaptation. 
Darwin’s “The Descent of Man and Selection in Relation to Sex” presented the importance of sexual selection. He conducted studies with bird plumage patterns to see how female mating preferences could lead to the evolution of elaborate patterns in males. Human observation is flawed though, since we can’t see UV colors, unlike most birds. However some can’t see UV as well (birds with the amino acid serine see violet, while those with cysteine see the UV range). Starling bird tests were done to see female mate preferences and they chose males with UV tips on their throat feathers – not the violet range humans see. This also applies to other aspects such as feeding young and hunting. Other species that use UV are some fish, amphibians, reptiles, etc. One innovation creates the opportunity to create additional innovations.
Ruminating monkeys eat leaves that are fermented by bacteria living in their foregut which is part of the multi-chambered digestive tract. They extract nutrients from stew by breaking down the bacteria with the aid of enzymes (i.e. ribonuclease). They have duplicated versions of a gene to take care of such digestive processes. Ruminant enzymes and color vision are examples of how genetic information can be expanded and fine tuned though. However, duplicate genes are redundant, so only some will be preserved and become functional changes.

Marjorie Latimer found a 127lb. fish that she didn’t recognize before and asked Dr. Smith for feedback – which was later, identified as a coelacanth. This fish was thought to be related to the first 4-legged vertebrates and extinct 65 mya. The fish was nicknamed a “living fossil” and just like it, there are “fossil genes” found in living species. These are genes residing in DNA and have lost their use. Coelacanths live in 100m waters and only have a nonfunctional SWS opsin (violet color range) because at some point the MWS/LWS genes were lost. The Coelacanth’s SWS opsin is a fossil gene, so this gene will mutate and decay away like the MWS/LWS genes too. If the opsin is no longer needed, then natural selection is relaxed from preserving that gene. Fossil genes are the result of mutations provided natural selection did not exist. An explanation for the disappearance of opsin genes in ancestors of mammals was that they happened to be nocturnal. The owl monkey has a nonfunctional SWS gene (or fossil gene) but its daytime relatives all have a functional SWS opsin gene. As for underground mammals like the blind mole rat, it has a MWS/LWS, but a fossil SWS gene. The longer wavelength opsins are in place due to selection which requires the mole rat to have these opsins to run the animal’s biological clock. Again, this is evidence furthering that relaxed selection on a gene will lead to its decay and that fossil genes are a sign of evolutionary change. 
Take Away Idea:


Probably the best take away idea I have is to not doubt the existence of certain species. After the story about the finding of the coelacanth fish, it made me realize how just because someone says a species may be extinct, may not be true, it could just be that no one has found a modern version of it. The Coelacanth was supposed to be 65 million years old and everyone had thought it to be long gone, but Miss Latimer and Dr. Smith proved them wrong.
Most Challenging Concepts:


The most challenging concept was not necessarily understanding the material itself per say, but rather fitting the plethora of information into the synopsis. I found myself having trouble trying to condense the amount of facts provided in the book to fit onto only three pages. There was one small concept that I had to overlook a few times, but I think I’m sure I understood it. What I’m speaking of is the DNA typing process. Understanding the LINES and SINES and how it proved similarities among species took me a few minutes to grasp, but I think I get it now. 
A Seminar Question:


Once genes become no longer functional and lose their use, they are called fossil genes. Do you think humans have fossil genes? Do you think we’ll ever have any? What kind of genes perhaps? Why that/those particular gene(s)?
Competency:


Communication is a vital competency in this chapter. In order to communicate, one must have some form of which to do it by, for instance a language. And that language is composed of an alphabet to form the words to make up that language – this is where DNA comes in. DNA has its four-lettered alphabet of A, T, C, and G to form its language of genes to code for proteins, and so on and so forth. When proteins are produced via a compilation of amino acids such as serine and cysteine in birds to affect the wavelength ranges they see (violet or UV), the DNA that codes for these amino acids and these proteins forms as a language to communicate which protein they have or do not have. It essentially tells how the bird can see and what rangers of colors the bird has access to in its visibility.


Critical thinking is probably the most prominent competency in this chapter. And by this, I mean the thinking process scientists must undergo to find which species are similar to others, and to find when certain genes have arisen in a species lineage. Through DNA typing and other mechanisms, it makes it easier for them to recognize similarities between LINES and SINES of species, but with critical thinking one has to interpret these similarities and to place these species on a tree and find how they are related. They can look at various genes such as ones that encode for opsins to look for similarities in vision among different species and take that info, interpret it, then apply it to see which species are more related than others. Estimating when a gene within a lineage has become fossilized, or when a gene has appeared as a unique trait to that species requires critical thinking. One must consider the circumstances of which species this one had split from, which environmental pressures were taking place, what gene had appeared or decayed – and compare that to related species and their changes to determine a time frame of when this gene’s existence or disappearance took place. 
Connection:


Reading about gene duplication in a species, such as with the SWS, MWS/LWS opsin genes made me think of an activity we did in class. Professor Grymes tried to explain gene duplication to us in the terms of a gene that would code for “hair over the ears” to be duplicated and evolve separately from the original gene that was duplicated. At first in class when the concept was presented, the idea was a bit fuzzy to me, but after connecting it with the material in this book, it makes a lot more sense. 
Vocabulary:

1. Dichromatism – a type of vision in which the retina responds to only two of the three primary colors 
2. Trichromatism – a type of vision in which the retina responds to all three of the primary colors
3. Anthropocentrically – viewing and interpreting everything in terms of human experience and values
Key Concepts:

1. Accidental chance duplication of genes provides spare genetic parts for the evolution of new functions

The best of example to explain this concept is the duplication that occurred between the MSW/LSW gene. Initially, it was one opsin gene but due to genetic duplication, two genes were created that evolved separately and independently on their own. They separated into two new opsins, the MSW and the LSW genes. Duplicating a gene allows for the new and old genes to evolve on their own and provide separate functions they normally could not do as being one initial gene. 

2. Sexual selection

Is the process by which mating is determined within a species. For instance, female Starling birds choose their mates based off of which male has the brightest UV tips on their throat feathers. This is a sexual selection to determine who will mate, who will produce offspring, as well as which traits will be passed down as a result.

3. Relaxed selection on a gene will lead to its decay

Like with the coelacanth fish, if there is none or very little environmental pressure for a gene to be expressed – such as needing SWS opsins to see dim light under water – then eventually those genes will mutate and decay to a point as to where they are no longer functional. Once at this point, this gene becomes a fossil gene. Since the selection is so relaxed, generally the species can survive without a functional version of that gene as well.

