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Synopsis:


Two microbiologists – a teacher and his student – Tom Brock and Hudson Freeze went to Yellowstone National Park in 1966 in search for information regarding microbes that lived near the pools and springs of the area. In the Lower Geyser Basin, they found Mushroom Spring which had temperatures of 163 degrees F. This spring happened to be the place where they isolated a special bacterium that could function in hot waters, which they named Thermus aquaticus. Later on, Brock continued his studies in Yellowstone and conducted his own microbe fishing to get samples of specimen that lived in the hot waters. His results showed that there was bacterium that could live in even hotter waters – some of which were Sulfolobus and Thermoplasma. These findings launched a hyperthermophile studying craze!

Throughout the years, other discoveries were made to follow up Brock’s findings. Carl Woese and George Fox found various sulfur, methane, and salt loving species of which they believed to form the Archaea kingdom by themselves. Secondly, there was a finding within Brock’s Thermus aquaticus bacteria. Apparently, there is an enzyme that can copy DNA in extremely hot temperatures. This find ended up practically revolutionizing the amount of DNA information available to us in nature. Lastly, through looking at archaeans more closely, scientists have found many similarities in the genetic coding of archaean DNA as there is in human DNA. These findings have supported the notion of evolutionary process through natural selection, and the descent of life from common ancestors.

DNA sequences for different species are different lengths and also set in different arrangements of the four basic nucleotides: A, T, C, and G. To truly understand the four lettered language, one must understand genomes, genes, and how to read DNA. Some vocabulary that should be known to understand DNA is: proteins, bases, amino acids, triplet, and gene. One should also note the three processes of DNA into a protein: replication, transcription, and translation. These processes involve the copying of DNA within the nucleus, the transcribing of the code into mRNA to be sent out of the nucleus into the ribosomes, and eventually the production of proteins through an amino acid chain from the efforts of mRNA, ribosomes, and tRNA. Although there are 64 possible triplet combinations with the 4 letter code, there are only 20 amino acids, and a large bit of the DNA in general is noncoding DNA. Thanks to scientific findings though, it is evident which is coding and which is noncoding due to start and stop sequences. Because of this, now computers are programmed to search and find specific pieces of DNA – this is good since, well, one gene alone has 1200 base pairs on average. 


Scientists try to locate all genes when they are looking into a genome to see which species have which genes, etc. When comparing simpler species with more complex species, one should note that the number of genes present doesn’t necessarily make the difference. A good example of this would be to compare the amount of genes of a mouse with a human – both have right around 20,000 – 25,000 genes. However, the best way to go about looking for evolutional patterns would be to compare which genes are and are not present in relation to the sequence of another species. Humans and the puffer fish exhibit 7350 similar genes which show proof that at some point humans and fish had been on the same evolutionary line (believed to be 450mya). 

Sometimes immortal genes come about, like the 500 genes that exist in every domain of life – these have withstood the test of time and are still around today. These genes still have undergone mutation, but they remain as a unit. Since they have been around all of this time, they have been an example of being favorable with natural selection. While these species create the same proteins from these immortal genes – the base pair makeup of them are different – due to redundancy in the genetic code and allowing for multiple codes to create the same proteins via synonymous changes. Synonymous changes are mutations in coding that do not affect protein production due to multiple ways of coding for one protein. However, nonsynonymous changes are mutations that affect the protein a gene would code for normally. These synonymous changes within DNA over a long duration are definitive proof of natural selection. 
In Darwin’s time, only the plant and animal kingdoms existed. Slowly thereafter came the protists in 1866; then the bacteria and fungi were added in the 20th century. Edouard Chatton in 1938 proposed the prokaryotic and eukaryotic categories to categorize the presence or absence of a species’ nucleus. Woese supported more objective categorization among species – particularly by looking directly at DNA, RNA, and protein sequencing. From this, he developed the super kingdom of archaeabacteria which later became Archaea, as super kingdom later became domain. Thus three domains: Eukarya, Archaea, and Bacteria had been approved – although sorting them out proved a challenge to scientists around. This is especially since microbes can borrow and exchange genes that were not originally theirs – so if through DNA, RNA, and gene production are the criteria for observing species – microbes actually mess up that system. 


Looking back at gene comparison, however, many of the archaean genes happen to be similar to those of eukaryotes – leading to possible hypotheses that eukaryotes at some point evolved from archaeobacteria. Through further research though, other conclusions had arisen – such as the possibility that the archaea was actually closer to bacteria, or eukaryotic genes were closer to those of bacteria. No one really actually knew, though. Some proposed a hypothesis that eukaryotes were a product of a bacteria and archaean fusion, simply because of the mixed similarities. Regardless though, keep in mind that as humans we share a general amount of genes with the rest of the life in this world – which gives a sense of connectedness, if you will. However, beyond these immortal genes of 500 or so, all species vary widely in gene number. Also, since such variation exists, this could mean there is room for new genes to emerge, or old genes to die off.
Take Away Idea:

Probably the biggest detail I’d take away from this reading was the interconnectedness of life through the similarities in gene number. Knowing that all domains of life share 500 genes really makes you think about how alike you are with a mushroom, or with a blue jay, or an angelfish, etc. as well as how much alike they are with one another. This also makes me wonder if perhaps there really is one common ancestor we all come from because of these said similarities. Really, in essence, it was an idea that triggered my curiosity and questioning nature, and I found it to be particularly interesting.

Most challenging concepts: 

To be one hundred percent honest, I did not find anything particularly challenging about this chapter. This chapter was written clearly and to the point. If I have to pick something I’d say maybe the tree of life topic. I get the idea of it, but understanding exactly how it works – such as this tree starting from the trunk and branching off, or starting from a ring and branching off of that – that confused me just a little. I believe it more so has to do with being able to picture the concept in my head and to see how it’s working in this day and age. 

Seminar Question:

When you look at it from a DNA genetic viewpoint – you can see that there are many similarities in the human genome to that of mice, fish, and various other eukaryotes and archaeobacteria. If the human population were more aware of this – having the knowledge of how similar they are to the world around them – do you believe there would be any change in our behavior? Perhaps more respect for the environment? Treating animals better? Even treating each other better? Would having genetic similarities in essence, bring us closer together?

Competency:


Aesthetic awareness for a competency for this log may seem like a stretch – but if you look deeper you can see it actually is quite prevalent throughout the reading. The chapter covers the similarities and differences in our genes and genetic makeup that make us the species that we are. Aesthetic awareness is needed in order to recognize the physical differences that these genes have or have not expressed on an individual basis. Also, seeing the results and compilations of work these scientists had put together and how it has revolutionized our understanding of DNA in comparison to Darwin’s times requires aesthetic awareness to truly appreciate it. 


Strategic problem solving is definitely evident in this chapter as well. Trying to inch our way bit by bit to gain more and more knowledge and understanding of DNA required a lot of strategic problem solving on scientists’ parts by creating new hypotheses, new mechanisms, new methods of research, reaching new conclusions, new challenges, and so on. Trying to crack the genetic codes of various species as well as create programs to do the work for them also required problem solving, too. 


Personally, I find I have improved in these two competencies myself. Aesthetic awareness definitely takes a role in my web design project in which I must present a personal webpage with my experiences embedded in it – including these learning logs – in a professional manner for my professor. While the content of the site matters, the appearance does as well. Knowing if a site is too cluttered, too bright, too dull, etc. will increase my awareness as it has with this project. However, the strategic problem solving, I think I may have developed a little bit. Mainly with the Naturalist Center and the Pond Exhibits did I have a chance to expand these skills. Observing and noting similarities and differences just like Darwin and these other scientists have done has allowed me to step in their shoes and see what it’s like to be a strategic problem solver. 

Connection:


When the chapter referred to synonymous and nonsynonymous changes in DNA – it made me think of a seminar experience I had last week. The professor was talking about mutations and how much it can affect the DNA and protein synthesis. We had to line up in the middle of the classroom and pretend we were base pairs in a DNA strand either being switched out, or copied redundantly. While reading over the section of how synonymous changes aren’t that big of a deal in terms of protein synthesis while nonsynonymous changes are – I could envision the process going on in my head as if I were present in class with the professor using us as props.

Vocabulary:

1. Synonymous changes – mutations that do not affect gene synthesis – merely just a synonym in sense of substitution
2. Nonsynonymous changes – mutations that do affect gene synthesis (on varying amounts) – switching a nucleotide in such an area would not be synonymous and would have some effect.
3. Archaeobacteria – more of the older, ancient life forms that evolved separately from bacteria; these organisms can withstand even the hottest of temperatures. Some scientists think eukaryotes evolved from this kingdom.
Key Concepts:
1. The four lettered alphabet of DNA

DNA has a four lettered alphabet consisting of A, T, C, and G bases which are Adenine, Thymine, Cytosine, and Guanine respectively. From this alphabet you can form 64 possible different kinds of triplets, but from these triplets you only get 20 different amino acids. This is because of the presence of start and stop codons, as well as multiple ways to code for one protein. 

2. Replication, transcription, and translation

DNA undergoes three different processes in order to produce a protein. In replication, this takes place in the nucleus where the DNA splits, spare nucleotides come in, 2 new double strands are made. Transcription occurs when mRNA writes the code that DNA has prescribed with orders to make a specific protein. This process begins in the nucleus where Thymine is replaced by Uracil for mRNA and once finished; the mRNA leaves the nucleus into the ribosome to initiate translation. Translation occurs in the ribosome where mRNA’s codons match with tRNA’s anticodons, in which tRNA is pushed away back into the cytoplasm after releasing its amino acid to the new polypeptide chain forming until the stop codon on the mRNA is reached. Then the new polypeptide chain is now a protein waiting to be used.

3. Numbers of genes within species vary

The amount of genes each species has differ with each other due to genes that one has or one doesn’t have when comparing it to the genome of another species. Just because a species has more genes, or less genes, it does not determine its complexity (Humans and mice have right around the same amount of genes, and one species is clearly more complex despite the numbers). All species however, share 500 genes which are immortal genes that have been mutated and changed over time, but still produce the same necessary proteins as always. 

