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Biology Questions
Question 1
Homeobox genes refer to a DNA sequence that code for transcription factors which control the activation of other genes. These transcription factors contain an identical conserved sequence of 60 amino-acids as part of their protein structure which is referred to as the homeodomain. This shared protein domain accords these homeodomain proteins a characteristic protein fold structure. The transcription factors work to regulate the expression of target genes and cell differentiation during early embryonic development. Consequently, mutations in the homeobox genes can result in developmental disorders (Burglin & Affolter, 2016).
Patterns in the evolution of these genes show shared ancestry among all animals by regulating patterns of anatomical development in animals, plants, fungi, and the many single cell eukaryotes. Therefore, animals that depict similar patterns of anatomical development can be assumed to share a common ancestry. 
The steps that might have followed to give rise to the diversity we see today in arthropods is best explained by using the metazoan genes, Hox genes, a type of homeobox gene as an example. The Hox genes are essential in the embryonic development as they determine the identity of embryonic regions along the anterior-posterior axis (Alonso, 2002). These genes are usually found in organized clusters within the genome and they demonstrate collinearity such that their physical linear order in the gene locus is directly correlated to the order that they are expressed in both time and space during development (Alonso, 2002). This would imply that any disruptions in their linear sequence will lead to significant developmental disorders such as the development of legs in the place of antennas if the sequence of development coded by these genes was so that the antenna forms before the legs do. In a similar way it would follow that certain mutations that affect the homeobox genes result in similar sequence disruptions and or activation and or shutting off of certain genes that lead to the diversity in phenotypes. In the case of the single group of arthropods with the same mouth parts, they would have all inherited a similar mutation at the homeobox genes or a specific type of homeobox gene that favors the development of that particular type of mouth parts. 
Question 2
Sympatric speciation occurs when populations of species that shares the same habitat become reproductively isolated from each other. The mechanism through which this phenomenon occurs is most commonly through polyploidy in which an offspring or group of offspring will be produced with twice the normal number of chromosomes (SparkNotes, 2020).  The organisms that are produced with polyploidy cannot mate with the normal diploid organism thus creating reproductive isolation (SparkNotes, 2020). 
Extreme runoff from developed areas leading to sediments in the water making it cloudy might cause the organisms living in the vicinity of the runoff to die off with a few being able to flee in either direct away from the affected parts of the lake. This separation of the population of species will work to create yet another barrier to reproduction and hence supplement reinforcement of reproductive barriers. 
The other environmental variables that might impact the process of speciation include the choice of habitat (preference and avoidance), phenotypic plasticity, role of parasites, and the complex biological interactions such as facilitation that might ensure between the species and their environment. Following the consequences of runoff from developed areas, for example, will lead to species breakout. The parts of the species that break away will have to adapt to new habitats and the resultant phenotypic variations as a consequence of accommodation to these new habitats might work to augment the process of speciation. 
Question 3
The flower characteristics that attract bats include the smell of the flowers. Bats are nocturnal pollinators which relay on echolocation as well as smell to find their food (Fafard, 2014). Bats have very high metabolisms, so they are attracted to large lightly colored nocturnal blooms that smell strongly of fermenting fruits and have lots of nectar (Fafard, 2014).  In contrast, bees are attracted by the color, fragrance, and the presence of nectar in a flower, and by the structure of the flower. They are attracted by yellow, blue, and ultra-violet colored flowers. They have a strong sense of smell and hence attracted by highly scented flowers. Since the bees feed on nectar, they will be attracted by the flower’s nectar guide, a petal mark of the same yellow, blue, or ultra-violet flowers indicating nectar (Fafard, 2014). Flowers designed for landing are bees’ favorite (Fafard, 2014). Hummingbirds are also attracted by the flower’s color, red and orange to be precise because they are more sensitive to the red color. These colors on the flower also indicate a big nectar rewards which is another characteristic of bird pollinated flowers. Another characteristic is the lack of fragrance in these flowers since the hummingbird has no sense of smell (Fafard, 2014). Consequently, these bird pollinated flowers tend to be odorless. 
Coevolution is the process of reciprocal evolutionary change that occurs between pairs of species or among groups of species as they interact with one another (Rafferty & Thompson, 2020). The mechanism through which this is actualized is by application of selection pressure between the two species involved so that the activity of each species that participates in the interaction applies selection pressure on the others. An example would be that of the bird pollinators. As the humming bird grew in size, it required more and more nectar for survival. Consequently, the bird pollinated flowers in response to this change in the bird species would have to produce more and more nectar to attract these birds and ensure pollination ensues. 
To test a hypothesis about coevolution driving speciation, one would need to induce change in one species and them make follow up on the second species postulated to undergo speciation due to coevolution to elicit the changes that the selection pressure applied by the modified species will produce.
Question 4
Examples of the progression include the evolution of green algae into two descendants of land plants, clades. The first clade is Chlorophyta which “arose from the early diverging prasinophtes, which gave rose to the core chlorophytes” (Leliaert et al., 2012). The other clade is Streptophyta, which includes “the charophyte green algae from which the land plants evolve” (Leliaert et al., 2012). The green algae that are like plants, the charophytes have chlorophyll a and b; they store carbohydrate as starch, have cell walls consisting of cellulose and undergo similar cell-division processes (Leliaert et al., 2012). These traits increased fitness for plants that possessed them by allowing them the ability to synthesize and store their own food on land while making use of natural resources found at their disposal such as the sunlight. In addition, the cell wall afforded the plant cells additional protection from environmental threats making the plants with this trait a lot more resilient to environmental threats. Some of these traits might lead to diversification over time through mutations that accord these traits additional functions resulting in diversification. 
Question 5
The fungi colonize the root system of a host plant, according the plant increased water and nutrient notably phosphorus and nitrogen absorption capabilities and in return, the plant provides the fungus with carbohydrates formed from photosynthesis (Pace, 2003). The significance of this relationship to plants as they made the transition onto land is that it allowed them to derive water and nutrients much more effectively from the new medium, soil that they had to survive and grow in. This relationship might cause diversification in fungi by way of allowing for genetic information exchange that lead to changes at the level of the genome of the fungi resulting in diversification. 
Question 6
Bacteria and protists differ in that bacteria are single-celled prokaryotes (organisms without a nucleus) while protists are single-celled eukaryotes that have well defined nucleus. Serial endosymbiosis was significant to the evolution and diversification of protists in that it worked to complement the host’s, protists’ “limited metabolic capabilities by the biochemical versatility of the endosymbiont” (Nowack & Melkonian, 2010). Therefore, it allowed them to survive through the changing environmental conditions into well adapted organisms for the new habitat. The features that have contributed to diversification within bacteria specie include the high rate or speed of reproduction among bacteria, termed doubling time, that allows for the ease of acquisition and hence expression of mutations induced by their environment leading to the resultant diversification. 
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