[bookmark: _GoBack]Cellulose Synthase Genes: Where do we start?
All branches on the tree of life share common roots. One way to study those roots is to look to DNA sequences. So, when the Roberts lab began studying the evolution of cellulose synthesis, one place they looked was at the available DNA sequence information. Even now, as they expand their studies to include additional species of plants and algae, this is where they start.
Cellulose is an important part of the cell walls of plants, most algae, and even some prokaryotes. The genes that code for the proteins that make cellulose are called CesA genes, and they were first identified from a bacterium that makes cellulose, Acetobacter xylinus (Saxena, Lin, and Brown, 1990). The genes in all cellulose producing plants studied so far have some things in common. They all have DNA sequences with “conserved regions”, meaning that the code produces proteins that have sections where the amino acid sequences are identical. For example, all the CesA genes have a region that codes for the following sequence of amino acids (each letter represents a certain amino acid sequence): DDG. Use the chart in Figure 1 and write the names of the amino acids in the sequence DDG.

Table 1: One of the conserved amino acid sequences coded by all cellulose synthase genes is DDG. Use the information in Figure 1 and write the full name for each of these amino acids.
	1-letter abbreviation 
	D
	D
	G

	
Amino acid name
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Figure 1: These are the amino acids incorporated into proteins. The full name, three-letter and 1-letter abbreviations are given for each. Notice that the side chain differs on each amino acid. This is what gives each amino acid its distinct properties. (Dancojocari)






Since codons consist of a sequence of three nucleotides and there are four different nucleotides in RNA and DNA, there are 64 different possible codons. Since there are only 20 different types of amino acids that get incorporated into proteins, some amino acids can be coded for by multiple codons. Use the codon chart in Figure 2 to determine all the possible codons that would result in the incorporation of the amino acids indicated previously in Table 1.
Table 2: Possible codons which could product the indicated amino acids.
	
	Aspartic Acid
	Glycine

	List all possible codons for these amino acids:
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Figure 2: Circular codon chart (https://collegebiology.files.wordpress.com/2014/09/proteincodonwheel.jpg



Remember, these codons are found on mRNA, and mRNA is created through the process of transcription. Transcription rewrites the information found in the sequence of deoxyribonucleotides into ribonucleotides. Table 3 shows a sequence of amino acids that makes up one of these conserved regions of a CESA protein. It also shows one of the possible RNA sequences that would be translated as that amino acid sequence. Remembering that adenine is complementary to thymine and uracil, and cytosine is complementary to guanine, fill in the sequences of complementary deoxyribonucletides that would have guided the production of this mRNA in the process of transcription. 
Table 3: Determining a DNA sequence that is complementary to the given piece of RNA and would code for the production of the DDG portion of a CESA protein. 
	Amino acid sequence
	Aspartic Acid—Aspartic acid ---Glycine 

	One possible RNA sequence
	
GACGAUGGG

	
Complementary  DNA sequence
	



What you just did in Table 3 is referred to as “reverse transcription.” This is actually what some RNA viruses do when they infect cells. They reverse-transcribe their RNA and incorporate it into the DNA of the host cell. This process is also used by molecular biologists (biologists whose studies involve DNA, RNA, and proteins) to create something called a cDNA library. We will explore that more in a later module. 
As you have probably already realized, because some amino acids can be coded for by multiple codons, there are a number of DNA sequences that could lead to the translation of the amino acid sequence given in Table 3. Writing out all the possibilities certainly wouldn’t be too hard, but it would be time consuming. Then, searching manually for these sequences in the databases would be so time consuming as to make it practically impossible. So, biologists have worked with computer scientists to write algorithms to help make these processes faster. In fact biologists and computer scientists have collaborated so much in the past couple decades that a whole new field has emerged called “bioinformatics.” 
The tools created through the many collaborative efforts of biologists and computer scientists allow us to study the evolutionary process in a whole new way. Now we can compare the sequences of DNA from different organisms in order to study their relatedness rather than trying to deduce their relatedness based on physical appearance. Let’s explore some of these tools to get a better understanding of how the researchers in Dr. Roberts’ lab search of CesA genes from other plants and algae. Go to this link: 
http://blast.ncbi.nlm.nih.gov
This link takes you to a page managed by the National Institutes of Health. We will do a BLAST search. BLAST stands for “Basic Local Alignment Search Tool.” We will use it to find other DNA sequences that have been entered into the database that might be part of CesA genes. Before we use this tool however, we should probably try to understand a little more about how it works.
When researchers sequence DNA that they isolated from an organism, it is often in many chunks ranging from 10’s of base pairs (bp) to 1000’s of bp. These are long bits of sequence such as CCGACGAUGGG…. When the researchers submit this sequence data, they don’t know if the sequence is from the sense strand or the antisense strand, and they don’t know where the reading frame is.   (A reading frame is a group of three nucleotides that go together to form a codon.) Remember in the process of translation, the antisense strand is used to make the mRNA through complementary base-pairing. So, with the DNA sequence of CCGACGAUGGG, there are 6 possible translations of this, one for each of the three possible reading frame positions if this is the antisense strand, and one for each of the three possible reading frames if this is the sense strand. This can be confusing, so follow the instructions in the caption for Table 4 to do these different translations to get a clearer understanding.

Table 4: For any section of DNA sequence submitted to one of the databases, the position of the proper reading frame is initially unknown. Until the sequence is analyzed, it is also unknown whether the sequence is from the sense or antisense strand of the DNA molecule. You will analyze a small section to determine the proper reading frame and if it is the sense or antisense strand of DNA. Follow the models. Use the codon chart in Figure 2 to determine the amino acids.
	The following is a small sample sequence of nucleotides was submitted to a database: 
                                                   GGCTGCTACCCT
In the spaces below, translate the six possible amino acid sequences for which this might code. Remember, when reading the codon chart, substitute uracil where you see thymine:


	Reading frame 1, as if this was the sense strand
GGC TGC TAC CCT     glycine – cysteine – tyrosine - proline

	Reading frame 2, as if this was the sense strand
G GCT GCT ACC CT   

	Reading frame 3, as if this was the sense strand
GG CTG CTA CCC T    

	The complement of the submitted sequence, Reading frame 1, as if this was the sense strand
CCG ACG ATG GGA

	The complement of the submitted sequence, Reading frame 2, as if this was the sense strand
C CGA CGA TGG GA 

	The complement of the submitted sequence, Reading frame 3, as if this was the sense strand
CC GAC GAT GGG A  

	
Now, if someone submitted a query for the amino acid sequence DDG, which of these possible translations would be identified? Would you know that this DNA sequence matched the  
amino acid sequence if you only looked at the first reading frame?







When someone wants to search the DNA sequence database for genes or parts of genes that might code for particular proteins, first they might start by typing in the amino acid sequence. The BLAST algorithm then searches through all the possible translations for each DNA sequence in the library looking for matches. After it finishes the search (it may take a couple minutes) the program will give a report about matches and near matches along with data about how closely things line up. From the website given previously, scroll down and click on “tblastn”. To see this output, type this amino acid sequence into the query box and click on “BLAST”: 
DYPVDKVSCYISDDG
This sequence of amino acids is part of the CesA found in cotton, an angiosperm, and Physcomitrella, a bryophyte. Once you get the results, scroll down the page to see the list of “sequences producing significant alignments.” Answer the questions below.
1. Are there any of the results that show 100% identity to the sequence from your query? Why or why not? If so, what species are they from?



2. Look at the list and choose one result that does not have 100% identity. Write the species name here:


Look up the common name of this plant. Write it here:


3. Click on the name of the plant. This takes you to a screen where we can learn more about the part of the DNA sequence that was found to align with the sequence that we queried. Here there are also links to additional information. Click on “GenBank”. What kind of information is available here?





Why do you think that this information must be submitted whenever a sequence is submitted to the Gene Bank?




Researchers in the Roberts lab and in the labs of their collaborators use the similarities in all CesA genes to find more CesA genes in additional plants, algae, and bacteria as we explored in the activity. Once found, they use additional tools to study their differences to learn more about how these genes evolved. 
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