15. BLAST Bioinformatics
Background
Hemoglobin is an important protein found in the red blood cells of many species. Its heme groups bind to oxygen molecules, delivering oxygen to cells and removing carbon dioxide from the body. Hemoglobin is a protein that exhibits quaternary structure: it consists of two alpha chains and two beta chains. In this investigation you will analyze the DNA sequence of the gene that codes for the beta chain of hemoglobin—also known as beta globin. The gene for this protein is symbolized by “HBB.” You will compare the HBB gene of five mammalian species to determine their evolutionary relatedness.
Much of today’s biological research involves DNA sequencing. Sometimes scientists sequence the entire genome of an organism, other times they are interested in specific genes and variations in these genes. Also of importance is knowledge of the amino acid sequences of proteins in organisms to develop a better understanding of the structures and functions of these proteins. DNA and protein sequences are uploaded to a database that can be accessed by other scientists (and by non-scientists). The National Library of Medicine (NLM), part of the National Center for Biotechnology Information (NCBI), maintains this database, which currently contains thousands of DNA sequences and corresponding protein sequences for thousands of species. 
For example, the database contains more than 2000 sequences for beta globin. Scientists employ a computer program called BLAST® (Basic Local Alignment Search Tool) to search NCBI’s database to match a nucleotide or amino acid sequence of interest to a specific species. They also use BLAST to align two or more sequences to determine the amount of similarity between them. The NCBI database and BLAST have become invaluable tools for evolutionary biologists. 
Driving Question
What species are most closely related and least closely related to the chimpanzee?
Materials and Equipment
Use the following materials to complete the initial investigation. For conducting an experiment of your own design, check with your teacher to see what materials and equipment are available.

	· Computer with Internet access
	· Highlighter

	· DNA Sequences Worksheet 
	· Scissors (optional)

	· ABI BLAST Sequences.docx
	· Ruler or large index cards


Safety
Follow these important safety precautions in addition to your regular classroom procedures:
· Never eat or drink around computer equipment.
Initial Investigation
Complete the following lab procedure and analysis before designing your own experiment. Record observations, data, and explanations in your lab notebook.
Manual comparison of mammalian DNA sequences of the HBB gene
1.	Obtain a copy of the DNA Sequences Worksheet. This worksheet contains nucleotide sequences for the beta globin gene (HBB) of five mammalian species. Compare Species A, the chimpanzee (Pan troglodytes), to four other species, as follows.
To complete the comparison of Species A to the other species, first copy the following data table into your lab notebook.
Table 1: Manual and computer database gene and protein comparison of chimpanzees to other mammals
	Species
	Common 
Name
	Scientific
 Name
	Number of Nucleotide Differences
	BLAST Ident4 (%): HBB Gene Comparison1
	BLAST Ident4 (%): Beta Globin Protein Comparison2

	A
	Chimpanzee
	Pan troglodytes
	
	
	

	B
	RECORD ANSWERS & DATA IN YOUR NOTEBOOK.

	
	
	
	not available3

	C
	
	
	
	
	90

	D
	
	
	
	
	85

	E
	
	
	
	
	82


1Gene accession number: FJ788228.1
2Protein accession number: P68873.2
3The full beta globin sequence has not been published for this species.
4“Ident” refers to the percentage of similarity of aspects of the sequences (nucleotide or protein). 
2.	Determine the number of nucleotide differences between Species A and Species B.
a.	Use a ruler or index card to move along the sequences of the two species one letter (one nucleotide) at a time, or one codon at a time.
b.	If Species B has a nucleotide that differs from A, highlight that letter in the sequence of Species B.
c.	Continue to compare sequences for each row of nucleotides, until you reach the final "A" (adenine), the 100th nucleotide). Then count and record the total number of differences present in the DNA sequences.
[bookmark: _Hlk23255347]NOTE: A dash instead of a letter in a nucleotide sequence indicates a "gap" or absent base and must be counted as a difference.
3.	Repeat the steps above to compare Species A to Species C. Then continue with the remaining comparisons: A to D, and A to E. You may fold the paper or cut out sequence A to make the comparisons easier.
4.	Confirm the number of differences you found with your classmates and reconcile any variations in the counts. Adjust the numbers recorded in the data table if necessary.
5.	The four “unknown” species (B–E) on the worksheet are, in no particular order: cow, Norway rat, pig-tailed macaque, and dog. Which species do you predict has the least number of differences in the HBB gene compared to chimpanzees? Which species do you predict has the greatest number of differences? Provide an explanation for each of your predictions.
BLAST comparison of mammalian DNA sequences of the HBB gene
6.	Go to the BLAST website: http://blast.ncbi.nlm.nih.gov/Blast.cgi. Select “nucleotide blast” from the “Web BLAST” menu in the middle of the page.
Investigating Species A 
7.	Open the digital copy of the BLAST Sequences Worksheet (ABI BLAST Sequences.docx). Copy the HBB sequence for Species A and paste the sequence into the query box of the nucleotide BLAST page as shown in Figure 1.
[image: ]
Figure 1: Enter the partial HBB sequence for Species A
[bookmark: _Hlk23253918]8.	Scroll down to “Program Selection.” Note how your search is set to “Highly similar sequences (megablast)”. Click the “BLAST” button.
NOTE: The BLAST program searches through thousands of sequences contained in a database for the best species match for the partial HBB sequence you entered into the query.
[bookmark: _Hlk23253963]9.	In the BLAST report generated from the search, scroll to the “Descriptions” table. Find the Percent Identity (“Per. Ident”) column. Percent identity values indicate how well the HBB gene sequences of the listed species match with the HBB gene sequence of Species A. Notice how the first 100 results return a 100% Percent Identity value for Homo sapiens. To see other species, you must exclude Homo sapiens from your search.


10.	Click the “< Edit Search” button at the top left of the page to return to the NCBI BLAST search page. Scroll to the “Choose Search Set” area. Type Homo sapiens into the “Organism” box and check the “exclude” box as shown in Figure 2. Click the “BLAST” button.
[image: ]
Figure 2: Exclude Homo sapiens
[bookmark: _Hlk23254228]11.	In the BLAST report generated from the search, scroll to the “Descriptions” table. Note that like Homo sapiens, Gorilla gorilla and Pan troglodytes have alignments with a “100%” Percent Identity value, meaning that all three of these species have no nucleotide differences in the selected portion of their HBB genes when compared to Species A. From an evolutionary perspective, provide an explanation for this fact. 
[bookmark: _Hlk23254261]12.	Click on the accession number for the first non-predicted Pan troglodytes link which begins with “FJ7882…”. This opens a new page with a wealth of information regarding the gene of interest, such as the number of base pairs and the scientific article where the gene sequence was originally published.
13.	Scroll down to “FEATURES” on the new page.
· Click on “gene” and observe the section highlighted in the nucleotide sequence at the bottom of the page (under “ORIGIN”).
· Click on “mRNA” and observe the change in the nucleotide selection that is highlighted.
· Click on the first “exon” link. Then click on the second “exon” link.
14.	a.	Why would the gene have a different number of nitrogen bases than mRNA?
b.	What do you observe when you compare the highlighted regions for the exons to the highlighted region for mRNA? What is the relationship between exons and mRNA?
Identifying Species B through E and Comparison with Species A
[bookmark: _Hlk23254355]15.	The browser page for the nucleotide sequence for Pan troglodytes opened on either a new tab or a new window within the Internet browser. Return to the NCBI BLAST search report and click the “< Edit Search” button at the top left of the page.
16.	In the “Choose Search Set” area, delete Homo sapiens and un-check the “exclude” box. 
17.	Copy and paste the nucleotide sequence for Species B from the BLAST Sequences Worksheet into the query box of the nucleotide BLAST page. Click “BLAST” to initiate a new search. 
18.	Scroll to the Descriptions table and click on the first accession number to open the gene information page. Find the “SOURCE” line. Record the common name and scientific name of Species B in Table 1 in your lab notebook.
19.	Find the “Analyze this sequence” menu on the right side of the page. Choose “Run BLAST.” The query box will appear with the accession number of Species B. Now you can compare the entire HBB gene of Species A and Species B.
Click the check box “Align two or more sequences” and type the accession number for the chimpanzee HBB gene, FJ788228.1, into the “Enter Subject Sequence” area that appears. Click “BLAST” to generate the report.
20.	Find the Percent Identity value which indicates the amount of similarity in the two sequences being aligned. Record this value in Table 1.
21.	To begin the comparison with the next species, click the “< Edit Search” button and uncheck the “Align two or more sequences box.” Copy and paste the nucleotide sequence of Species C from the BLAST Sequences Worksheet into the query box and initiate the BLAST search to find the identify of Species C.
22.	Click on the first accession link and record the common name and scientific name of Species C in your table. Then choose “Run BLAST” to align the sequences of Species A and C, as you did for the Species A and B comparison. Record the Percent Identity in Table 1.
[bookmark: _Hlk23254462]23.	Repeat the process to identify Species D and E, and perform the alignments of each of these species with Species A. 
NOTE: For Species D, click on the 2nd accession number for the “adult beta globin gene.”
24.	In the comparison you did manually, you compared sequences 100 nucleotides in length; these sequences were just part of the HBB gene. The BLAST program compared over 1,000 nucleotides of the HBB genes in these species. Do the results of your manual comparison agree with the results of the computer-generated alignment? Explain your answer.
25.	What are the advantages of using a computer program over manual comparison of DNA sequences?
26.	Now that you know the identities of Species B–E:
a.	Which of the four species is most closely related to the chimpanzee? Was your prediction correct? Do the results make sense based on other factors, such as morphology? Explain your answer. 
b.	Which of the four species is least closely related to the chimpanzee? Was your prediction correct? Do the results make sense based on other factors? Explain your answer.
27.	For the protein comparison Ident values provided in Table 1, BLAST was used to compare the amino acid sequence of chimpanzee beta globin to the amino acid sequences of beta globin proteins in the other species. Which have a greater similarity between two species: gene sequences or protein amino acid sequences? Explain why the percent similarity is not the same for genes and proteins.
Comparing proteins and visualizing evolutionary relationships
28.	Use the NCBI website to find the beta globin sequences for two additional species: Atlantic salmon and minke whale, and then compare them to the sequence for the chimpanzee. For each of the additional species: 
a.	Go to the NCBI homepage: http://www.ncbi.nlm.nih.gov/. In the search dropdown menu at the top, change “All Databases” to “Protein.” 
b.	Type “beta globin” and the species common name in the search field, and choose “Search.”
c.	On the search results page, click on the FASTA link to see the amino acid sequence. Copy and paste the sequence into the space provided on page 2 of the digital copy of the BLAST Sequences Worksheet, making sure the letters are adjacent to each other, that is, they should not be separated by spaces or “returns” and are in a single paragraph.
d.	Find the “Run BLAST” option under “Analyze this sequence.” Click on the “Align two or more sequences” box, as before, and enter this protein identification number for the chimpanzee into the Subject Sequence box: P68873.2. Click “BLAST.” Record the Ident value for the comparison.
29.	Which of the two species is least similar to chimpanzee, based on the beta globin comparison? Is this surprising? Explain your answer.
[bookmark: _Hlk23254649]30.	Ident values are useful for comparing species and inferring evolutionary relationships. However, phylogenetic trees or cladograms provide a more complete picture. Programs used to create these diagrams compare all selected species to one another, not just one species to others. To create a phylogenetic tree, go to www.phylogeny.fr.[footnoteRef:1]  [1:  Dereeper A., Guignon V., Blanc G., Audic S., Buffet S., Chevenet F., Dufayard J.F., Guindon S., Lefort V., Lescot M., Claverie J.M., Gascuel O. Phylogeny.fr: robust phylogenetic analysis for the non-specialist. Nucleic Acids Research. 2008 Jul 1; 36 (Web Server Issue):W465-9. Epub 2008 Apr 19. PubMed: http://www.ncbi.nlm.nih.gov/pubmed?cmd=Retrieve&list_uids=18424797 (accessed May 28, 2014).] 

31.	Under the “Phylogeny Analysis” menu, choose the “One Click” option. A large text box will open.
32.	Copy and paste the entire text of beta globin sequences from the BLAST Sequences worksheet into the large text box on the phylogeny website. Be sure to include the “ >[name]” in addition to the letters symbolizing the amino acids when you copy and paste. Add the FASTA results for Atlantic salmon and minke whale sequences. The sequence for each species must be separated by hitting “enter” at the end of each sequence.
33.	Click “Submit.” Save your results—the phylogenetic tree—as a PNG or PDF (select the “Download the tree” option just below the phylogenetic tree) and print a record for your lab notebook.
NOTE: Be sure to include the “ >[name]” in addition to the letters symbolizing the amino acids when you copy and paste. Also, the sequence for each species must be separated by a blank line.
34.	What can you conclude regarding the evolutionary relationships between the Atlantic salmon, minke whale, and Species A–E?
Design and Conduct an Experiment 
Now that you are familiar with the tools available for comparing gene and protein sequences, you can investigate a question of your own related to the evolutionary relationships among species. Identify a set of species you are interested in investigating with regard to their evolutionary history.
	[image: ]
	
Design and carry out your experiment using either the Design and Conduct an Experiment Worksheet or the Experiment Design Plan. Then complete the Data Analysis and Synthesis Questions.


Design and Conduct an Experiment: Data Analysis
1.	Describe the evolutionary relationships between the species you investigated. Does the data support your hypothesis? Justify your claim with evidence.
2.	Identify any new questions that have arisen as a result of your research.
Synthesis Questions 
1.	Differences in the nucleotide sequences of a gene in different species are the result of mutations that occur over time.
a.	Identify and describe three different types of mutations.
b.	Describe the possible consequence(s) of each type of mutation.
c.	Although genes from Homo sapiens (humans) and Drosophila melanogaster (fruit fly) differ significantly, there are “conserved” regions, that is, nucleotide sequences within genes that have not changed much over time. Why would conserved regions be of particular interest to scientists?
2.	A student is interested in the evolutionary history of kingdom Fungi. For her investigation, she plans to use the NCBI protein database and BLAST to compare a number of fungal species to a variety of species from kingdom Plantae and kingdom Animalia. Of the following proteins, which one would you recommend the student use for her investigation: catalase, rubisco (RuBP), or hemoglobin? Provide an explanation for your choice.


3.	The table below lists the first twenty four amino acids of the ATP synthase protein in each bear species. Analyze the data and complete the cladogram. Provide an explanation for your placement of each species on the cladogram.
Table 2: Comparing the ATP synthase proteins of bears
	Common
 Name
	Scientific
 Name
	Amino Acid Sequence

	Brown bear
	Ursus arctos
	MNENLFTSFITPTMVGIPIVLLII

	American black bear
	Ursus americanus
	MNESLFTSFITPTMMGIPIVVLII

	Giant panda
	Ailuropoda melanoleuca
	MNENLFASFTTPMMMGVPIVVLII

	Polar bear
	Ursus maritimus
	MNENLFTSFITPTMVGIPIVPLII



[image: ]


4.	Table 3 shows the results from a BLAST comparison of the NADH dehydrogenase protein of the gray wolf with the common mouse and Tasmanian wolf (pictured below). The cladogram provides information regarding the evolution of three mammalian clades. 
Table 3: Results from a BLAST comparison
	Species
	BLAST Ident (%): Similarity 
to the Gray wolf

	Classification

	Gray wolf
	
	Eutherian

	Mouse
	55
	Eutherian

	Tasmanian wolf
	47
	Marsupial


[image: ] 
a.	Provide an evolutionary explanation for the level of similarity between the gray wolf and the mouse.
b.	Provide an evolutionary explanation for the level of similarity between the gray wolf and the Tasmanian wolf.	

	Name	Period	Date
	15. BLAST Bioinformatics / Student handout
		15. BLAST Bioinformatics / Student Handout

			pasco / ps-2852a	1
	10	pasco / ps-2852a
			pasco / ps-2852a	11
[bookmark: _GoBack]Design and Conduct an Experiment Worksheet
Now that you are familiar with the tools available for comparing gene and protein sequences, you can investigate a question of your own related to the evolutionary relationships among species. Identify a set of species you are interested in investigating with regard to their evolutionary history.
	[image: ]
	
Develop and conduct your experiment using the following guide.



1.	List the species you are interested in comparing.
	
	
	
2.	Create a driving question: develop a testable question for your experiment.
	
	
3.	What is the justification for your question? That is, why is it biologically significant, relevant, or interesting?
	
	
	
4.	What gene or protein sequence(s) do you plan to use for the investigation? Describe the function of the gene or protein and indicate why you chose it.
	
	
	
5.	What data will be collected, and how will it be collected, to build a phylogenetic tree for the species you’re investigating?
	
	
	
6.	Write a testable hypothesis (If…then…).
	
	
7.	Use the space below to create an outline of the experiment. In your lab notebook, write the steps for the procedure of the lab. (Another student or group should be able to repeat the procedure and obtain similar results.) 











8.	Have your teacher approve your answers to these questions and your plan before beginning the experiment.

[image: ]
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